Investigations on the effects of freezing on human serum lipoproteins have appeared in the literature. In one report a comparison of the extractability of lipids with ether was made between liquid and frozen lipoprotein solutions( 1). In other studies, extent of lipoprotein change due to freezing and storage was investigated by noting alteration in solubility(2,3). The effects of freeze-thawing and storage on ultracentrifugal properties of lipoproteins have not been studied except for observations relative. to one lipoprotein group (4). These effects represent a problem that must be solved before determination of the clinical importance of serum lipoproteins, whenever those conditions are involved. This paper summarizes the results of our investigation into the problem.
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M a t e d . Human sera from male adults with elevated concentration of lipoproteins were used. Sera were distributed in samples by pipetting 2 ml of each serum into 10-ml screw-cap vials, which were carefully sealed under nitrlogen. Freezing proces TCS. For rapid freezing (r.f.), the vials were dipped into dry ice and acetone for 50 sec. For slow freezing (s.f.) vials were set in deep freeze 1 hr. In both processes. final temperature was -28" 1°C as checked with a copperconstantan thermocouple. Thawing. For rapid thawing (r.th.), vials were placed in water bath a t -+ 37°C for 120 sec. For these conditions serum reached a temperature of 24" t 1°C. For slow thawing (s.th.) vials were left at room temperature (24 -t-2°C) for 1 hr, after which temperature equilibrium had usually been reached. Storage. Three ranges of storage temperature were studied : (a) between -30" and -26°C; (b) between -5" and 0°C; and (c) between 0" and *Fellow of Jane Cvfiin ChiIds Memorial Fund for MedicaI Research. This investigation has been aided by grant frorn this Fund.
+4OC. At temperatures between -30" and -26OC sera appeared constantly and thoroughly frozen in contrast to temperatures between -5" and 0°C; in this range sera were not always thoroughly frozen. Ultracentrifugation. Isolation and analysis of serum lipoproteins were performed by previously described procedures ( 5 ) . Isolation was carried out in Spinco Model L preparative ultracentrifuge. For isolation of low-density lipoproteins (LDL) serum was diluted with equal volume of NaCl solution ( p 20"/4" = 1.118 g/ml) . For isolation of total high-density lipoproteins (HDL) , serum was diluted with equal volume of NaN03 in D20 solution of p 2Oo/4O = 1.390 g/ml, yielding a background solution of p 2Oo/4O = 1.20 g/ml.
Determinations of flotation rates and concentrations were carried out in Spinco Model-E analytical ultracentrifuge. Lipoproteins were classified as follows: LDL: S;(l.os) 100-400, 20-100, 12-20, 0-12 (flotation rates w e~e corrected for concentration and Johnston-Ogston effects) ; HDL: lipoproiteins with hydrated densities in range between 1.075 g/ml and 1.15 g/ml. Solution densities were determined with 1-ml pycnometer.
Standard errors of measurement are as fol-1010-400: 34; HDL: 10. Thesle stanldard errors can be expressed as percentage errors by dividing them by their respective means: 776, 276, lo%, 12% a n d 4 % . Table I presents average results of freeze-thawing of 2 sets of sera. Repeated successive cycles (from one to 3 times) of either rapid or slow freeze-thawing of serum produce no significant changes in either concentration or flotation rate of the major classes of lipoproteins, Once it was established that changes resulting from a single freeze-thawing process were minimal, the effects of storage in deep-frozen lows: Si 0-12: 19; 12-20: 16; 20-100: 2 2 ;
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( 3 X ) state were studied in combination with rapid and with slow freezing and thawing processes. Table I1 presents average of results for 2 sera for each condition of storage. The discussion of this Table is in line with that of Table 111 . Table I11 presents average results of comparative study of storage of 3 sera at temperatures between -30" and -26°C. between -5" and 0°C . and between 0" and +4"C. were more rapidly degraded and showed more extensive degradation over comparable periods of storage than lipoproteins with flotation rates less than S;(l.os) 20. In contrast, S;(I.on, 0-20 as well as HDL lipoprotein classes showed relative stability to storage between these temperatures. After 6 months. the maximum change observed in the HDL class was 30% decrease in concentration. At temperatures between -5" and 0°C all lipoprotein classes appeared to be stable for a t least 28 days. Thereafter, S; 0-20 and HIIL lipoprotein classes appeared to be more resistant to degradation than the other lipoproitein classes. After 21 to 28 days of storage, the HDL Iipoprotein class showed some qualitative changes not evident in Table 111 . These changes were a broadening of llipoprotein distribution accompanied by increase in flotation rate of the major peak.
At temperatures between 0" and +4OC, all lipoprotein classes appear to be stable for at least 14 days. Thereafter, there is no consistent pattern of degradation. Qualitative changes frequently appear as concentration increases and decreases within any broad lipoprotein class, without anv net concentration change of that class. After 7 to 14 days of storage, the HDL lipoprotein class showed a liroadening of lipoprotein distribution and increase in flotation rate of the major peak. Conclusions. 1) Storage of serum a t a temperature between -5" and 0°C yielded stable values for human serum lipoproteins for at least 4 weeks. 2 ) Storage of serum between 0" and +4*C for as long as 2 weeks also revealed no quantitative change in lipoprotein pattern. 3) Storage for even a few days a t -28OC was associated with alterations in relative proportions of lipoprotein fractions. I t is interesting to mention that under similar treatment, lipoproteins in salt solutions undergo in serum.
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